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THURSDAY, JANUARY 14, 1892. 


THE CHEMISTRY OF PAINTS AND 
PAINTING. 

The Chemistry of Paints and Painting. By A. H. 

Church, M.A., F.R.S. (London : Seeley and Co., 1890.) 
ONSIDERING the widespread interest which at¬ 
taches to all matters connected with pictures and 
painting, it is perhaps somewhat surprising that up to 
within quite recent times no attempt has been made to 
discuss and review in a comprehensive and efficient 
manner the materials and methods of painting from a 
strictly chemical point of view. It will, however, be 
readily conceded that the field is an extensive one, and 
it is, moreover, obvious that an intimate acquaintance 
with the technique of painting will be found only very 
rarely associated in the same individual with a thorough 
knowledge of chemistry. Neither a mere chemist nor a 
mere artist could undertake the task with a fair prospect 
of success. 

The author of the present volume, on accepting, some 
years ago, the Professorship of Chemistry in the Royal 
Academy of Arts, found there a congenial sphere of 
activity, and an opportunity of devoting himself thence¬ 
forward to chemistry in its bearing on pigments and 
painting—a subject which long before had had a great 
attraction for him, as evinced by his early publication 
referring to these matters, and also by the fact that he 
has himself practised with no inconsiderable success the 
art of painting. It is thus that the information given in 
this work is derived on the one hand from an exact 
scientific study, whilst on the other hand it is based upon 
a knowledge of the technical details of the art. As it 
has been written especially with the view of explaining to 
the artist and the art student the more important chemical 
and physical characters of the materials they employ, 
and of the processes they manipulate, the author has 
exercised commendable discretion in not encumbering 
the text with chemical detail beyond the general scope 
of those for whom the book is intended. 

“ In many instances a sketch of the processes for 
preparing certain pigments and varnishes is given, 
not in order to turn the painter into a colour-maker or a 
varnish manufacturer, but rather that he may acquire 
a clearer insight into the nature and properties of the 
most important constituents entering into the composi¬ 
tion of his pictures.” 

The author very aptly begins his work by a discussion 
of the various painting grounds, and briefly describes the 
essential qualities of paper, vellum, ivory, fresco and 
stereochrome grounds, of slate and stone, of wood panel 
and canvas. This part is divided into four short 
chapters, which contain many valuable practical hints. 
He next proceeds to the description of the vehicles and 
varnishes, and this part comprises the oils, resins, waxes, 
paraffin waxes, yolk and white of egg, size, glue, gums, 
glycerine, honey, water-glass, lime and baryta-water, 
solvents and diluents, siccatives and dryers, varnishes 
and oleo-resinous vehicles. 

Describing the several drying oils—namely, linseed oil, 
poppy oil, and walnut oil, he enters more fully into a 
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discussion of the first-named as being the typical one, 
and also by far the most important. Here he gives an 
account of the proper mode of preparing and purifying 
the oil, and directs attention to the variation of the 
qualities of the oil of seed of different origin ; he also 
explains why preference should be given to the cold 
pressed oils. A very concise and instructive discussion 
of the chemical composition of linseed oil leads on to 
a consideration of the chemical change which the oil 
undergoes in the act of drying. This remarkable change, 
in which the chief value of these drying oils centres, is 
greatly accelerated by the presence of certain metallic 
oxides, such as those of lead, iron, or manganese. Later 
on, in a chapter devoted to siccatives and dryers, the 
author directs attention to the excessive and improper 
use of lead compounds, and very justly refers to the 
advantage of using instead of them the compounds of 
manganese, and especially the borate, in the preparation 
of the strongly drying oils. Such delusive dryers as 
borates of lime and zinc or sulphate of zinc, however, we 
think ought to have been mentioned only in order to 
condemn them. 

The chapter on resins, waxes, and solid paraffin, con¬ 
tains a description of these substances and their properties 
in so far as they are of interest to the painter. In a 
similar manner the author treats the various other 
materials considered in this part, such as yolk and white 
of egg, size, gum, glycerine, water-glass, &c. ; and under 
the head of solvents and diluents we find a very useful 
and instructive account of the different kinds of oil of 
turpentine and the liquid hydrocarbons made use of in 
the artist’s studio. Amongst them, oil of turpentine 
stands foremost in importance. It is to the painter in 
oil colours what water is to the painter in water colours ; 
and in order to fulfil its function in the most perfect 
manner, it is essential that it should be pure, and should 
completely volatilize without leaving any phlegma in the 
substance of the paint. Oil of turpentine is very prone 
to become changed and acted upon by the atmospheric 
oxygen, especially in the presence of moisture and under 
the influence of light. As the author points out, different 
kinds of oil of turpentine vary very materially in this 
respect, and the artist has to be on his guard to select 
the best kinds for his use. The employment of de¬ 
teriorated or inferior oil of turpentine may give rise to 
very serious defects which are often ascribed to other 
causes. Other hydrocarbons, now available for the artist, 
are petroleum spirit and the benzenes, which comprise 
liquids of very varied degrees of volatility, and which do 
not share the objectionable propensity of oil of turpen¬ 
tine just alluded to. Here we would, however, remark 
that the petroleum hydrocarbons are much less efficient 
solvents than oil of turpentine, as they do not entirely 
dissolve even mastic or dammar ; whilst, on the other 
hand, the benzenes are much superior in this respect, 
and especially the higher members of this series deserve 
the attention of the artist and varnish maker. 

The last chapter in Part II. discusses varnishes and 
vehicles, their composition and preparation. Treating 
of mastic varnish—which is merely a solution of mastic 
in some volatile solvent, generally oil of turpentine—the 
author assigns to this substance its proper function, 
which is that of a surface varnish only. On no account 
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ought it ever to find its way into the body of the painting 
itself, as is unfortunately the case whenever megilp is 
used as the painting medium, this being in reality a 
mixture of mastic varnish with linseed oil. On the 
other hand, it is important that mastic varnish, when 
used as the surfacing varnish, should be applied without 
any admixture of oil varnishes, which, from their 
rendering the mastic harder, more insoluble, and less 
friable, make it much more difficult to remove and renew 
the varnish. 

Of a different character and of far greater importance 
are the fat or oil varnishes, which are compounds of the 
harder resins, such as amber and the different kinds of 
copals, with linseed oil, and diluted with oil of turpentine. 
They form in reality the vehicle or medium for modern 
oil painting, and consequently furnish ultimately the 
matrix in which the particles of the colour are embedded 
and held together. Next to the stability of the colours, 
it is then the durability of this varnish medium in com¬ 
bination with dry linseed oil, on which the perman¬ 
ency of the oil-painting mainly depends. On the assump¬ 
tion that the valuable qualities of the hard resins are 
maintained in the varnishes derived from them, it is 
understood that artists’ varnishes are prepared only from 
the hardest and most tenacious kinds of resins. Unfor¬ 
tunately these are the most unmanageable and the least 
soluble, and require the highest degree of heat to bring 
them into fusion for the purpose of effecting the com¬ 
bination with the linseed oil and oil of turpentine in the 
process of making varnish. Even the most powerful 
solvents, such as acetone, ether, benzene, chloroform, 
aniline, and phenol,have only a limited solventaction upon 
amber or the harder semi-fossil kinds of copal; and their 
solution can only be effected after they have undergone a 
profound change by fusion or otherwise. In opposition 
to what is generally stated, neither amber nor the semi¬ 
fossil hard copals are fusible in the ordinary sense of the 
word ; for they require to be kept at a high temperature, in 
suitable vessels,for a considerable time before they become 
gradually liquefied by the action of the heavy oily pro¬ 
ducts of their own decomposition. Amber or copal, when 
thus once melted, are completely changed ; they are now 
fusible at a low temperature ; they have become readily 
soluble in ordinary solvents, and miscible with heated 
linseed oil; but at the same time the original hardness 
of the resins is greatly reduced, and the colour has become 
of a more or less dark tint. 

It remains to be proved whether much is gained by 
using the very hardest resins, instead of softer and more 
tractable kinds which yield lighter-coloured varnishes ; 
and this is a subject which, in the reviewer's opinion, 
deserves investigation. Varnish-making is still a secret 
trade ; and the nature of varnishes, more than any other 
artists’ materials, is involved in much obscurity. There 
are no chemical methods known for ascertaining the 
nature or proportion of the ingredients used in their 
preparation, and as time is the most important factor 
in proving the quality of varnishes, direct practical experi¬ 
mental tests may be misleading. 

A new process for making varnish, said to be in use on 
the Continent, consists in heating the resins with the 
solvents in autoclaves under high pressure; and there 
are also processes recommended which seem especially 
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adapted for those who wish to make their own varnishes 
on a small scale. These latter depend on the peculiar 
change which the hard copals undergo when exposed 
for some time, in a state of very fine powder, to the action 
of hot air, whereby the resin is rendered more soluble 
without becoming much discoloured. The author de¬ 
scribes such a process,,in which the finely-powdered 
resin, after having been exposed for some time to the 
action of air at a temperature of 220° C., is first dissolved 
in chloroform, then mixed with oil of turpentine, and 
after the chloroform has been distilled off, the resulting 
solution is gradually incorporated with the drying linseed 
oil. Although 220° C. is repeatedly mentioned as the 
temperature to which the powdered resins have to be 
exposed, we venture to suggest that this must be a mis¬ 
take. Neither amber nor the copals will endure this 
temperature for any time without melting and becoming 
of a dark brown colour, or otherwise decomposed. 

On the other hand, the writer of this notice has found 
that the various kinds of copal, which, by exposure in a 
finely-powdered condition for some weeks to the action of 
hot air in a steam closet, have become readily soluble in 
chloroform or acetone, are nevertheless almost entirely 
precipitated again on adding oil of turpentine or ben¬ 
zene to such a solution, and no amount of digestion, 
either with or without linseed oil, will redissolve them. 
Amber thus treated behaves in a similar manner, but 
the amount rendered soluble in chloroform or acetone is 
much smaller. It would, then, appear that this matter 
requires some further elucidation before this new process 
can be made readily available. 

It has already been mentioned that there are no special 
tests for ascertaining the quality of a varnish. Spread¬ 
ing a thin layer on a sheet of glass, and then observing 
the character of the film produced on drying, seems all 
that can be done. It ought to become dry to the touch 
within eight or ten hours, and not become fissured even 
when exposed to sunshine during a year ; nor should the 
surface become dull through the appearance of “bloom,” 
caused by the minute exudation of solid fatty acids 
originating from the linseed oil employed in its pre¬ 
paration. 

As the drying of the solution of resins in a volatile 
solvent depends solely on the volatiliza tion of the solvent, 
this process is accompanied by a shrinkage of the body 
of the varnish, which sets up a tendency to breaking up 
of the surface. Linseed oil, on the other hand, becomes 
dry or solid in consequence of combining with a large 
quantity of oxygen, and this is attended by an increase 
in bulk. It follows that as long as a sufficient propor¬ 
tion of oil is in combination with the resin the tendency 
to crack is compensated ; but if the artist, from habit or 
other reasons, uses with his colours a medium deficient 
in oil, he encounters the risk of the body of his paint¬ 
ings becoming fissured in the course of time, and readily 
subject to the destructive action of the atmosphere. 

Part III. treats of pigments, and, as we might expect, this 
division forms a large and most important part of the work. 
All the colours which are made use of in painting are here 
described in detail, and nothing seems to be omitted 
which may serve to instruct or guide the artist and 
student. The historical reference with which the descrip¬ 
tion of each of the colours is introduced is followed by 
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a discussion of its chemical composition, and an outline 
is given of the most approved methods of preparation. 
Wherever desirable the chemical test is described by 
which the purity of the colour may be recognized and 
any adulteration detected ; but what will be esteemed as 
most valuable are the observations and suggestions which 
bear immediately upon the physical and chemical proper¬ 
ties concerned in their special applications. Here the 
author gives us, in most cases, the results of his own 
experiments, and especially when he deals with the ques¬ 
tion of the permanency of the colours. The changes 
which the colours are liable to, whether under the influence 
of light, or when mixed with other colours, or under the 
conditions in which they exist in a painting, are likewise 
fully gone into and considered. Beginning with the 
white pigments, the author discusses the flake-white or 
white lead which occupies a foremost place on the artist’s 
palette on account of its superior whiteness, its excellent 
working qualities, and the power it possesses of imparting 
its own strongly siccative character to slow-drying oil 
colours. He also draws special attention to a valuable pro¬ 
perty of white lead which has scarcely been clearly recog¬ 
nized, and which depends upon the formation of a kind of 
lead-soap in the oil colours it is mixed with. This lead-soap 
imparts a degree of toughness and elasticity to the body 
of the painting, and thus prevents it from cracking when 
become dry with age. On the other hand, white lead, 
like all lead compounds, even when locked up in the 
medium of the paint, is liable to become brown and dark- 
coloured when exposed to the action of even minute 
traces of sulphuretted hydrogen, and this darkening is 
much favoured by moisture and the absence of light. 
According to the author, an admixture of baryta white 
(barium sulphate), in the proportion of one to two, very 
much lessens this deleterious effect. Zinc white, although 
free from the last-named defects of white lead, and of 
great value in water-colour, tempera, and fresco paint¬ 
ing, has, nevertheless, only to a limited degree become a 
substitute for white lead in oil painting on account of its 
being a bad dryer, its possessing a lesser degree of 
opacity, and its tendency to crack and scale. 

In the chapter on yellow pigments, the author’s remarks 
on the peculiarities of the different shades of cadmium yel¬ 
low deserve especial notice. We may here add, in passing, 
that any free sul phur in the raw cadmium yellow may be 
readily removed by carefully heating it in an open vessel. 
Aureolin, or cobalt yellow, is very favourably spoken of by 
the author, and so is baryta yellow and Indian yellow, but 
these have to be applied with caution when used along 
with certain other pigments to which he refers. 

Very instructive are his observations on Naples yellow, 
an old favourite of the artist’s ; also those on yellow lake 
or brown pink, which, as he remarks, ought to be rigor¬ 
ously excluded from the artist’s palette. The chrome 
yellows are dismissed with a very short notice, for, beau¬ 
tiful as they are, they are quite unfitted for use in tempera 
or water-colour painting, and although showing some 
degree of permanency when locked up in a resinous 
vehicle and protected by varnish, they are peculiarly 
liable to change when mixed with pigments of organic 
origin. 

Passing on to the red pigments, we find a very full de¬ 
scription of vermilion, a colour of great importance, but 
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unfortunately of a very capricious behaviour in respect of 
permanency. It is a remarkable fact that vermilion pre¬ 
pared from the native mineral cinnabar is found perfectly 
preserved in old Italian tempera paintings, and even in 
wall-paintings of Pompeii; whilst the artificial vermilion 
now generally in use, whether prepared by the dry or by 
the moist way, and although of finer tint and chemically 
pure, is very liable to change. AH we know at present 
on this subject is that this is due not to a chemical 
alteration, but merely to a physical or molecular change 
of the red crystalline into the black modification of 
sulphide of mercury, and that this transformation is 
especially favoured by strong sunlight. Different samples 
of artificial vermilion, however, frequently exhibit a 
different degree of liability to change, and as the more 
finely ground orange vermilions are generally found to 
be the less stable, it has been inferred that the fine state 
of division favours the change. In reference to this we 
may, however, mention that if such pale vermilion is 
heated for some hours at a temperature approaching 
volatilization, it gradually assumes a darker red colour, 
and becomes crystalline like the sublimed cinnabar ; and 
yet by this treatment its liability to turn black in sunlight 
is not lessened, but on the contrary much increased. It 
is evident that a great deal has still to be learned about 
this pigment. 

The pigments derived from madder possess particular 
interest, and are remarkable for their stability as well as 
for their early introduction in the arts. The author 
states that such colours were known in Europe as early 
as the thirteenth century ; but red madder pigments 
have been found in some quantity at Pompeii, and more 
recently also amongst ancient colour materials in Egypt. 

Alizarin and its allied colouring principles, which are 
the essential colour-giving constituents originally derived 
from madder-root, are now manufactured artificially from 
anthracene, and most of the madder colours are at present 
obtained from this source. Nevertheless, it is a note¬ 
worthy fact that the choicer kinds of the madder pigments 
used by artists are still prepared from madder-root, 
although artificial alizarin, purpurin, and anthrapurpurin 
in a chemically pure state are accessible to the colour- 
maker at a cheaper rate. It is not clear whether it is 
merely habit of the colour-maker, and a difficulty of adapt¬ 
ing the use of the pure colouring-matters to the old 
methods, or whether it is the presence of some still un¬ 
recognized constituent of madder-root, which causes the 
root to be preferred in the production of fine artists’ 
colours. It is, perhaps, of interest to mention here 
that a difference in the behaviour of the artificial 
colouring-matter is also observed in the difficulty of 
applying it on wool or woollen cloth so thoroughly fast as 
to stand the operation of fulling. On this account the 
red cloth of the French army is still dyed with madder, 
and probably this is the true reason why the cultivation 
of this plant is still to some extent continued. 

The study of the chemistry of the Turkey-red dyeing 
has fully established the important part which the pre¬ 
sence of fatty matter, in some peculiar condition, plays in 
this remarkable process. That this also holds good with 
pigments can be shown by trying to produce these 
colours from artificial alizarins without using such fatty 
substances ; and this may in some way account for the 
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author’s failure to obtain the best possible result from 
pure alizarin, although prepared from madder-root. 

Although madder colours are deservedly esteemed for 
their stability, the author has proved, by a series of 
experiments with different samples of commercial 
moist and cake colours, that they are by no means 
all alike in this respect. Considering their great im¬ 
portance for the artist, as being unique in their special 
qualities of tint and permanency, it appears highly de¬ 
sirable that a thorough investigation should settle the 
question as to the composition of the most stable of them, 
and thus furnish a guide to the preparation of entirely 
trustworthy colours. A formula quoted by the author on 
p. 154 for the preparation of madder carmine seems in¬ 
complete, as no mention is made of any alum or alumina, 
which is an essential constituent of this pigment. 

Passing on, we take notice of a short account of lac dye 
and cochineal lakes, which, along with the ancient 
kermes, are furnished by three different species of coccus. 
Of these only the cochineal carmine is of interest; but, 
rich and beautiful as is this colour, the author very justly 
warns the artist against its use on account of its want of 
stability. We may take this opportunity of observing 
that pure carmine, notwithstanding its ready solubility in 
ammonia, is a true lake, and, in fact, is a definite com¬ 
pound of one of the carminic acids with lime and alumina. 

In the chapter on blue pigments, the article on indigo 
deserves special attention ; and many will be disappointed 
to find that this highly esteemed colouring-matter, 
generally supposed to be one of the most permanent, 
does certainly not deserve this character when used in 
painting. To this pigment is largely due the faded con¬ 
dition of the works of artists who have used it extensively. 
This proneness to fade is especially noticeable in water¬ 
colour paintings where the sulphindigotates have been 
employed. 

Considering the lamentable deterioration of some of the 
works of artists who have used asphaltum too freely, it is 
satisfactory to learn that this substance may be safely 
employed if prepared as directed by the author. In this 
connection mention is also made of a brown water-colour 
said to be an ammoniacal extract of asphaltum ; but we 
venture to say that this must be some trade mystification, 
for genuine asphaltum does not yield its colour to 
ammonia, or indeed to any other alkaline solvent. 

After the detailed description of the pigments, a chemi¬ 
cal classification of them is given, which in the main is 
an arrangement based upon their chemical composition, 
and which more prominently exhibits the characteristic 
chemical and physical difference of deportment of the 
various groups in which the pigments may be classified. 

In chapter xxi. tables are given in which the pigments 
are ranged according to their stability into three classes, 
and it may be seen at a glance what degree of per¬ 
manency is ascribed to any of them. 

Chapter xxii. is full of most important considerations 
and useful suggestions with regard to selected and con¬ 
structed palettes ; and after discussing the lists of pig¬ 
ments used by some well-known artists, the author gives 
his selected palettes for oil and water colours. 

In chapter xxiii. the chemistry of the various methods 
of painting in tempera, fresco, stereochromy, oil and 
water colour, and pastel, are discussed and explained ; 
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! and under oil painting the complicated changes which 
the vehicles and their constituents undergo during the 
process of painting are recapitulated. 

Chapter xxiv. contains a study of old paintings and 
drawings, with the special object of giving a brief account 
of the materials used in the production of these early 
works, and comments on the lessons to be drawn from 
individual pictures. 

Chapter xxv. is devoted to a discussion of the best 
means for conservation of pictures and drawings, with 
some useful hints on restoration ; and in the concluding 
chapter xxvi. we have an account of trials of pigments as 
to their permanency, carried out by the author and other 
investigators. This is a subject which in recent times has 
received a good deal of attention, and although the in¬ 
vestigations dealing with this matter are by no means 
concluded, very important results have already been 
obtained. 

This is especially the case with regard to water-colour 
paints, which, on account of their thinness of application 
and absence of a protecting medium, are much more 
susceptible to fading, and therefore give greater facility 
for examination than the oil colours. It is now well 
understood that the action of light in conjunction with 
moisture and air is the principal cause of the fading 
of the colours ; and were it practicable to keep water¬ 
colour drawings absolutely dry inclosed between glass 
plates, front and back, their preservation would be much 
prolonged. With oil paintings the conditions are dif¬ 
ferent, and in some respects more favourable, especially 
when the painting has once reached its proper stage of 
maturity—that is to say, when the volatile vehicles have 
entirely passed away, and the linseed oil has completed 
its course of drying and oxidation. Whilst the process 
of drying is still going on in the early years of the 
existence of an oil painting, some amount of moisture 
is produced within the body of the painting as a direct 
product of the oxidation of the linseed oil, and con¬ 
sequently a picture too freely exposed to sunlight in this 
stage will be much more liable to suffer and to change 
than later on, when the resinous and oleaginous vehicles in 
which the particles of colour are locked up have become 
firm and quiescent. To fully appreciate this we must 
bear in mind that even the varnish and resinous vehicles 
do not so completely exclude air and moisture from 
without as is commonly supposed. 

There is still much to be learned with regard to the 
chemical processes involved in the so-called drying of 
linseed oil, and this subject deserves a thorough re¬ 
investigation in the light and with the means of modern 
chemical research. It is, for instance, a well-known fact 
that linseed oil under certain conditions becomes itself a 
most powerful oxidizer, so much so that canvas or paper 
soaked with it will become destroyed in the course of 
time, and it seems that this effect is especially marked 
when oil of turpentine has been used along with it. 
It is quite conceivable that this activity of linseed oil 
may be one of the agents at work in the deterioration of 
oil paintings ; but whatever dangers may arise from this, 
the use of linseed oil cannot be dispensed with, 
It is otherwise with oil of turpentine, for which a 
very much superior substitute might be found in the 
higher members of the benzene series, which could 
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now be obtained at a sufficiently moderate cost if a 
demand for them should arise. These hydrocarbons, 
whilst indifferent to the action of atmospheric oxygen, 
possess greater solvent power than any other, and on 
this account they are also well adapted for the prepara¬ 
tion of varnishes. But for this latter purpose a still more 
suitable vehicle will be found in the amylic acetate, which 
dissolves even the hardest copals almost entirely after 
having been previously finely powdered and kept for 
some time in a hot closet. In this way excellent var¬ 
nishes may be produced. 

In reviewing a work dealing with so vast a number of 
subjects, it is obviously impracticable to do more than to 
refer to some few of them ; but we think sufficient has 
been said in the foregoing notice to show the valuable 
character of the work before us, and although it will be 
freely admitted that there are still a good many points 
which demand further inquiry and elucidation, those who 
are interested in the subject may be congratulated on 
now possessing in an accessible form all that chemistry 
has for the present to say on paints and painting. 

Hugo Muller. 


POINCARE’S THERMODYNAMICS. 
Thermodynamique. Lemons professdes . , . par H. 

Poincard, Membre de l’lnstitut. Pp. xix., 432. (Paris : 

Georges Carre, 1892.) 

HE great expectations with which, on account of the 
well-won fame of its Author, we took up this book 
have unfortunately not been realized. The main reason 
is not far to seek, and requires no lengthened exposition. 
Its nature will be obvious from the following examples. 

The late Prof. W. H. Miller, as able a mathematician 
as he was a trustworthy experimenter, regularly com¬ 
menced his course of Crystallography at Cambridge (after 
seizing the chalk and drawing a diagram on the black 
board) with the words :—“ Gentlemen, let Ox, O y, O z be 
the coordinate axes.” And, some forty years ago, in a 
certain mathematical circle at Cambridge, men were wont 
to deplore the necessity of introducing words at all in 
a physico-mathematical text-book:—the unattainable, 
though closely approachable, Ideal being regarded as a 
work devoid of aught but formulae ! 

But one learns something in forty years, and accord¬ 
ingly the surviving members of that circle now take a very 
different view of the matter. They have been taught, alike 
by experience and by example, to regard mathematics, 
so far at least as physical inquiries are concerned, as a 
mere auxiliary to thought:—of a vastly higher order of 
difficulty, no doubt, than ordinary numerical calculations, 
but still to be regarded as of essentially the same kind. 
This is one of the great truths which were enforced by 
Faraday’s splendid career. 

And the consequence, in this country at least, has been 
that we find in the majority of the higher class of physi¬ 
cal text-books few except the absolutely indispensable 
formulae. Take, for instance, that profound yet homely 
and unpretentious work, Clerk-Maxwell’s Theory of Heat. 
Even his great work, Electricity , though it seems to bristle 
with formulae, contains but few which are altogether un¬ 
necessary. Compare it, in this respect, with the best of 

no. 1159, vol. 45] 


more recent works on the same advanced portions of the 
subject. 

In M. Poincare’s work, however, all this is changed. 
Over and over again, in the frankest manner (see, for 
instance, pp. xvx, 176), he confesses that he lays himself 
open to the charge of introducing unnecessary mathe¬ 
matics :—and there are many other places where, probably 
thinking such a confession would be too palpably super¬ 
fluous, he does not feel constrained to make it. This 
feature of his work, at least, is sure to render it accept¬ 
able to one limited but imposing body, the Examiners 
for the Mathematical Tripos (Part II.). 

M. Poincare not only ranks very high indeed among 
pure mathematicians but has done much excellent and 
singularly original work in applied mathematics :—all the 
more therefore should he be warned to bear in mind the 
words of Shakespeare 

“ Oh ! it is excellent 

“To have a giant’s strength ; but it is tyrannous 

“To use it like a giant.” 

From the physical point of view, however, there is much 
more than this to be said. For mathematical analysis, 
like arithmetic, should never be appealed to in a physical 
inquiry till unaided thought has done its utmost. Then, 
and not till then, is the investigator in a position rightly 
to embody his difficulty in the language of symbols, with 
a clear understanding of what is demanded from their 
potent assistance. The violation of this rule is very 
frequent in M. Poincare’s work, and is one main cause of 
its quite unnecessary bulk. Solutions of important 
problems, which are avowedly imperfect because based 
on untenable hypotheses (see, for instance, §§ 284-286), 
are not useful to a student, even as a warning:—they are 
much more likely to create confusion, especially when 
a complete solution, based upon full experimental data 
and careful thought, can be immediately afterwards 
placed before him. If something is really desired, in 
addition to the complete solution of any problem, the 
proper course is to prefix to the complete treatment one 
or more exact solutions of simple cases. This course is 
almost certain to be useful to the student. The whole 
of M. Poincare’s work savours of the consciousness of 
mathematical power:—and exhibits a lavish, almost a 
reckless, use of it. Todhunter’s favourite phrase, when 
one of his pupils happened to use processes more 
formidable than the subject required, was “’Hm:— 
breaking a fly on the wheel ! ” He would have had 
frequent occasion to use it during a perusal of this volume. 
An excellent instance of the dangerous results of this 
lavish display of mathematical skill occurs at pp. 137-38, 
the greater part of which (as printed) consists of a mass 
of error of which no one, certainly, would accuse M 
Poincare. The cause must therefore be traced to the 
unnecessary display of dexterity with which, after obtain¬ 
ing the equation 

Q«<b = 1 - a/(T„ t„), 

where the order of the suffixes is evidently of paramount 
importance, M. Poincare proceeded to say “Nous 
pouvons done ecrire 

Qi/Qs = <K%, TJ.» 

But his unfortunate printer, not prepared for such a tour 
de force, very naturally repeated the 0,/Qi of the first 
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